The objective of this experiment was to investigate the effect of level of dietary concentrate on rumen fermentation, digestibility, and N losses in lactating dairy cows. The experiment was a replicated 3 × 3 Latin square design with 6 cows and 16-d adaptation periods. Ruminal contents were exchanged between cows at the beginning of each adaptation period. Data for 2 of the diets tested in this experiment are presented here. The diets contained (dry matter basis): 52% (LowC; control) and 72% (HighC) concentrate feeds. Crude protein contents of the diets were 16.5 and 16.4%, respectively. The HighC diet decreased ruminal pH and ammonia concentration and increased propionate concentration compared with LowC. Acetate:propionate ratio was greater for LowC than for HighC. Rumen methane production and microbial protein synthesis were unaffected by diet. Dry matter intake was similar among diets, but milk yield was increased by HighC compared with LowC (36.0 and 33.2 kg/d, respectively). Milk fat percentage and yield and total-tract apparent NDF digestibility were decreased by HighC compared with LowC. More ruminal ammonia N was transferred into milk protein with HighC than with LowC. Urinary N excretion, plasma urea N, and milk urea N concentration were not affected by diet. The ammonia emitting potential of manure was similar between LowC and HighC diets. Increased concentrate proportion in the diet of dairy cows resulted in reduced ruminal ammonia concentration and enhanced ammonia utilization for milk protein synthesis. These effects, however, did not result in reduced urinary N losses and only marginally improved milk N efficiency. Increasing dietary concentrate was not a successful strategy to mitigate enteric methane production and ammonia emissions from manure.
INTRODUCTION
Under normal feeding conditions, a large proportion of the dietary protein will pass through the ammonia pool before it is utilized for microbial protein synthesis in the rumen (Pilgrim et al., 1970; Nolan, 1975; Hristov et al., 2005) . Ammonia utilization in the rumen is intrinsically related to carbohydrate availability (Russell et al., 1983) . These classic experiments demonstrated that ruminal proteolysis and deamination will proceed to complete conversion of dietary protein to ammonia if carbohydrate availability is low. When carbohydrate availability increases, ammonia production decreases because of a direct incorporation of amino N into microbial protein, thus bypassing the ammonia pool (Russell et al., 1983) . Hristov et al. (2005) confirmed these in vitro observations in vivo and demonstrated the importance of ruminal carbohydrate availability for efficient transfer of ruminal ammonia N into milk protein in dairy cows.
Ruminal ammonia N not utilized for microbial protein synthesis is likely to be excreted in urine, representing a net loss to the animal and contributing to environmental pollution (Tamminga, 1992) . Volatile N loss from manure (primarily ammonia), along with ground and surface water pollution, is one of the most environmentally important public concerns related to animal agriculture today. Ammonia emitted from animal manure is a major air and water pollutant contributing to eutrophication, aerosol formation, soil acidification, and impaired visibility (USEPA, 2004) . Improving the efficiency of microbial capture of ammonia in the rumen by increasing carbohydrate availability is likely to reduce urinary N losses and subsequently gaseous N emissions from cattle manure. High-energy-density diets may present another environmental benefit by reducing enteric methane emissions (Boadi et al., 2004) .
We hypothesized that increased availability of ruminally fermentable energy would enhance the utilization of ammonia for microbial protein synthesis, decrease urinary N losses, and reduce the ammonia emitting potential of dairy manure. Therefore, the objectives of this study were to investigate the effect of dietary concentrate on ruminal fermentation, methane production in the rumen, and ammonia emission from manure.
MATERIALS AND METHODS
Animals involved in this study were cared for according to the guidelines of the University of Idaho Animal Care and Use Committee. The committee reviewed and approved the experiment and all procedures carried out in the study.
Animals and Experimental Design
Six multiparous Holstein cows (660 ± 16.4 kg of BW; 204 ± 25.3 DIM at the beginning of the trial) fitted with 10-cm ruminal cannulas (Bar Diamond, Parma, ID) were used in this experiment. Cows were randomly assigned to experimental treatments in a replicated 3 × 3 Latin square design trial. Treatments were a control or low concentrate diet (LowC; 52% concentrate feeds, DM basis) and a high concentrate diet (HighC; 72% concentrate feeds, DM basis) ( Table 1 ). The third treatment in the Latin square design was a diet formulated by Priority IAC Inc. (Manitowoc, WI); data for the Priority IAC Inc. treatment are proprietary and are not presented in this paper. The diets were formulated (NRC, 2001) to meet or exceed the energy requirements (at 25 kg/d DMI) of a Holstein cow yielding 35 kg of milk/d with 3.50% milk fat and 3.10% true protein.
The original diets were formulated to contain 18% CP. Because of changes in forage quality during the trial, the actual CP content of the diets was lower (Table  1) . Cows were fed at 0700 and 1800 h (one-half of the daily allowed feed at each feeding). Each experimental period consisted of 23 d. During the first 2 d, dietary concentrate level was gradually increased in the HighC diet (by approximately 10 percentage units/d compared with LowC). This period was followed by a 14-d adaptation to the diet period and by 7 d of sampling. The LowC diet had 16 d of adaptation and 7-d sampling periods. On the last day of periods 1 and 2, the ruminal contents were exchanged between cows on the LowC and HighC diets. During the adaptation periods, the cows were housed in box stalls and then moved to tie stalls for the duration of the sampling period. Feeding was ad libitum to about 5% orts. Cows had free access to fresh water during the trial. One of the cows, being in late lactation (303 DIM at the beginning of the trial), received recombinant bovine somatotropin every 14 d throughout the experiment. Because the bST administration period did not match experimental period, there is a remote possibility of interference of the hormonal treatment with the measurements for this particular cow. Data to verify this effect, however, were not collected.
Sampling and Measurements
Individual forage, TMR, and refusals samples were collected daily, and concentrate feeds were sampled weekly. Samples were composited (by period and cow) and analyzed for DM (65°C in a forced-air oven, dried to a constant weight) and ash/OM (AOAC, 2000) , N (Foley et al., 2006) , NDF (Van Soest et al., 1991) , and Udén et al., 1980) were added and thoroughly mixed with the ruminal contents, a 0-h sample was collected, and the ruminal contents were returned to the rumen of the cows. Cobalt-EDTA was used as a ruminal liquid passage rate marker.
Whole ruminal contents samples were collected at 1, 2, 4, 6, 8, 10, 14, 18 , and 24 h following the a.m. feeding on d 17 of each experimental period. Ruminal samples were collected from 4 locations in the rumen and the reticulum (approximately 250 g each), composited, and analyzed for DM and 15 N enrichment of the ammonia N and bacterial N. Aliquots of the rumen samples were filtered through cheesecloth and centrifuged (20,000 × g for 15 min at 4°C) and the supernatant fluid was analyzed for Co (Iris ICP atomic emission spectrophotometer, Thermo Jarrell Ash Corp., Franklin, MA). The fractional outflow rate of the ruminal fluid was calculated as Ln-transformed Co concentrations plotted against time. Aliquots of the rumen cheesecloth filtrates were immediately analyzed for pH, and processed for analyses of ammonia and total free amino acids (TFAA; Hristov et al., 1999) , VFA (Foley et al., 2006) , and polysaccharide-degrading enzyme [carboxymethylcellulase (CMCase), amylase, and xylanase] activities (Hristov et al., 1998) . Individual ruminal samples were analyzed for ammonia and pH; the remaining analyses were performed on composite (volume base, per cow and period) samples.
Methane production in the rumen was measured utilizing the sulfur hexafluoride (SF 6 ) tracer technique (Johnson et al., 1994) . The SF 6 permeation tubes were prepared by K. Johnson (Washington State University, Pullman). The tubes were placed in the reticulum of the cows on d 15 of period 1 and remained there for the duration of the study. Gas samples for methane analysis were collected directly from the rumen through modified rumen cannula lids ). Sampling started 2 h after the morning feeding and gas samples were collected every hour for 6 h; that is, at 2, 3, 4, 5, and 6 h after the morning feeding. Gas samples were analyzed for methane and SF 6 using gas-liquid chromatography ). Production of methane was calculated as the release rate of SF 6 times the ratio of the concentration of methane to SF 6 in the ruminal headspace (Johnson et al., 1994) .
Fecal samples (400 g per sampling) were collected from the rectum or the ground, when fresh, during d 16 and 17 of each sampling period at 0900, 1500, and 2100 h (d 16), and at 0300, 0600, 1200, 1800 (d 17), and 0000 h (d 18). Samples were dried at 65°C in a forced-air oven to constant weight, composited per animal and period, and ground through a 1-mm sieve. Samples were analyzed for ash/OM, N, NDF, starch, and AIA. Apparent total-tract digestibility was estimated using AIA as an intrinsic digestibility marker (Foley et al., 2006) . At each sampling, a second fecal sample (approximately 300 g) was collected, composited (per cow and period), and frozen immediately (−80°C) for analysis of ammonia emitting potential of manure.
Total urine was collected during the last 4 d of each period. Urinary catheters (22 French, 75 mL, C. R. Bard Inc., Covington, GA) were positioned in the cows 24 h before initiation of the urine collection. Urine samples were acidified during collection to a pH <3.0 by addition of 2 M H 2 SO 4 . Aliquots were diluted 1:10 with distilled water, stored frozen at −20°C, and later analyzed for N, allantoin (Chen, 1989) , and uric acid (Uric acid kit 1051, Stanbio Laboratory San Antonio, TX). Urinary excretion of allantoin and uric acid was used to estimate duodenal microbial protein flow. At the beginning of each urine collection period, an unacidified urine sample (approximately 2 L) was collected from each cow and frozen immediately (−80°C) for analysis of ammonia emitting potential of manure.
The ammonia emitting potential of manure resulting from the experimental diets was measured in laboratory-scale postcollection simulated storages with appropriate instrumentation. This laboratory system, which was adapted from similar studies (Shi et al., 2001; Misselbrook et al., 2005) , consisted of a manurestorage container, an acid bottle to trap the emitted ammonia, a flow meter to regulate sweep-air, and a vacuum pump to pull air through the system. Air to facilitate and carry emitted ammonia from the manure storage headspace was drawn using the vacuum pump at a flow rate of 1 L/min. The air carrying emitted ammonia was bubbled through a previously calibrated 0.2 M sulfuric acid bottle to trap ammonia . Acid samples for the analysis of the trapped ammonia were collected every day during the first week and every other day during the second week. Samples were immediately analyzed for ammonia concentration using standard methods (APHA, 1998) . The manures for these analyses were reconstituted from the respective samples of feces and urine that had previously been collected separately and frozen. Prior to reconstitution, the frozen feces and urine samples were allowed to thaw at room temperature. The feces and urine were then mixed in the ratio of 1.7:1, on a weight basis, to reconstitute the manure. This excretion ratio of feces:urine in lactating dairy cows was established in previous studies (Vander Pol et al., 2008a, b) .
Milk yield data were collected daily (p.m. and a.m. milkings). Data for the last week of each experimental period were used in the statistical analysis. Milk samples for composition analyses (fat, true protein, and MUN; Washington DHIA, Burlington, WA) were collected during the intensive 0 to 143 h milking (see following text). A composite sample was analyzed and used to calculate FCM, milk NE L yield, and milk fat and protein yields. Following the 15 N dose, cows were milked at 0 (background), 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 107, 119, 131 , and 143 h. At each milking, milk weights were recorded and milk samples were collected for analysis of 15 Nenrichment of milk protein (Hristov and Ropp, 2003) .
On d 20 of each experimental period, blood samples were collected from the tail vein/artery before (0 h) and 6 h after the a.m. feeding. Plasma was collected after centrifugation at 1,500 × g for 40 min, frozen at −40°C, and later analyzed for urea N (Urea Nitrogen kit, Ct. No. 640-8; Sigma Diagnostics, St. Louis, MO).
Body weight of the cows was recorded at the beginning and at the end of the experiment and at the beginning of periods 2 and 3.
Calculations
Pool size of ruminal ammonia N, areas under the 15 N-enrichment (APE) curves for ruminal ammonia, bacterial (BN), and milk protein N (MPN), and the proportions of MPN originating from BN and ammonia N and the proportion of BN originating from ruminal ammonia N were calculated as described elsewhere (Hristov et al., 2005) . The average adjusted r 2 for the ruminal ammonia and BN models were 0.997 ± 0.0011 and 0.90 ± 0.007, respectively. The average proportion of the variance explained by the MPN model (regression sum of squares ÷ uncorrected total sum of squares) was 0.98 ± 0.001. Irreversible loss, ruminal flux, ammonia recycling, and the efficiency of utilization of ruminal ammonia N for microbial protein synthesis were calculated as described in Hristov et al. (2005) .
The cumulative amount of 15 N secreted in milk protein (as percentage of 15 N dosed) was fitted to a single rectangular 2-parameter hyperbola model, and the estimated maximum secretion and overall secretion lines were compared among treatments using dummy variable regression technique (PROC NLIN, SAS Institute Inc., Cary, NC; Hristov et al., 2005) . The average proportion of the variance explained by the model (regression sum of squares ÷ uncorrected total sum of squares) was 0.93 ± 0.029.
Urinary purine derivatives (PD) excretion was used to estimate duodenal MN flow assuming that (1) absorption of microbial purine bases (mmol/d) = (PD − 0.385 × BW 0.75 ) ÷ 0.85, where PD is the urinary PD excretion (allantoin and uric acid; mmol/d), 0.385 mmol/kg BW 0.75 is a correction for endogenous PD, and 0.85 is a recovery coefficient (Verbic et al., 1990) and (2) Chen et al., 1992) and 0.134 is the ratio of purine N to total N in rumen microorganisms assumed based on the data of Valadares et al. (1999) and a digestibility coefficient of 0.83 for microbial purines (Chen et al., 1992) .
Statistical Analysis
Data for 2 of the 3 treatments in this experiment were analyzed using the PROC MIXED procedure of SAS (2003; SAS Institute). Intake, digestibility, rumen fermentation data (except pH, ammonia concentration, and methane production), urinary excretions, milk yield and composition, some of the 15 N-enrichment data, and end-point (d 15) cumulative ammonia emission from manure data were analyzed by ANOVA according to a Latin square design. Milk composition during the continuous milking was used in the statistical analysis and to calculate FCM, milk NE L yield, and milk fat and protein yields. The model used was
where μ is the overall mean, G i is the group, C(G) ij is the cow within group, P k is the kth period, τ l is the lth treatment, with the error term e ijkl assumed to be normally distributed with mean = 0 and constant variance. Group and cow within group were random effects, whereas all other effects were fixed. Ruminal pH and ammonia concentration, methane production, and 15 N enrichment of ammonia N, BN, and MPN data were analyzed as repeated measures in a Latin square design, assuming an autoregressive where μ is the overall mean, G i is the group, C(G) ij is the cow within group, P k is the kth period, τ l is the lth treatment, D m is the time effect, τD lm is the treatment × time interaction with the error term e ijklm assumed to be normally distributed with mean = 0 and constant variance. Group and cow within group were random effects, whereas all other effects were fixed. Cumulative ammonia emission from manure data fitted well a linear model (adjusted r 2 = 0.99) and were analyzed as linear regression (cumulative ammonia emission, mg of N = intercept + slope × incubation day; PROC GLM, SAS Institute).
Statistical differences were declared at P ≤ 0.05. Differences between treatments at P ≤ 0.10 were considered as a trend toward significance.
RESULTS
Diets had similar ingredient and chemical composition, except for the higher concentration of starch and NFC and lower NDF (Table 1) in HighC compared with LowC. At the DMI and level of production observed in the study, all diets supplied NE L in excess of requirements (according to NRC, 2001 ). The diets supplied 16 and 11% RDP (LowC and HighC, respectively) above requirements and were adequate in MP supply (+4 and +1%, respectively).
Ruminal pH was decreased (P = 0.048) by HighC compared with LowC (Table 2) . Treatment × time of sampling interaction was also significant (P = 0.042) for rumen pH. Diet HighC had consistently lower pH throughout the sampling cycle, except before and in the early hours after feeding (Figure 1) . Concentration of ruminal ammonia was lower (P = 0.018) for HighC compared with LowC. Treatment × time of sampling interaction was significant (P = 0.002). Diet HighC had lower ammonia concentration at time points 1, 2, and 4 h after feeding (Figure 2) . Ruminal ammonia N pool size immediately before feeding (i.e., at time 0 h) and ruminal TFAA concentration were similar between the 2 diets. Concentration of propionate in ruminal fluid was increased (P = 0.008) by HighC compared with LowC. There was no effect of diet on concentration of other VFA, except for a trend (P = 0.08) for lowered isovalerate by HighC. The greater concentration of propionate with HighC resulted in reduced (P = 0.02) acetate:propionate ratio compared with LowC. Polysaccharide-degrading activities of ruminal contents were not affected by diet. Ruminal methane production and concentration (data not shown) were similar among diets. The numerically lower methane production rate with HighC could not reach statistical significance because of large variability in the data. There was no diet × time of sampling interaction for methane production. Fractional outflow rate of ruminal fluid and urinary excretion of allantoin, uric acid, and consequently total PD and estimated ruminal outflow of MN were not different between the 2 diets.
Milk yield was increased (P = 0.041) by HighC compared with LowC (Table 3) . Feed efficiency (milk yield ÷ DMI) was greater (P = 0.022) for HighC compared with LowC. Milk fat percentage, yield, and 4% FCM were reduced (P < 0.02) by HighC. Concentration of milk true protein was not affected by diet, but protein and N yields tended to be increased (P = 0.072) by HighC compared with LowC. This led to a trend (P = 0.062) for greater milk N efficiency (milk N secretion as proportion of N intake) with the HighC diet. The 2 diets had similar milk NE L yield, efficiency, and MUN and PUN (numerically lower for HighC, P = 0.11) concentrations. Milk lactose concentration and cow BW were not different between the diets. Intakes of DM, OM, and N were similar between the diets. Intake of NDF was lower (P = 0.010) and that of starch was higher (P = 0.002) for HighC compared with LowC. Total-tract apparent digestibilities of DM, OM, N, and starch were not affected by diet. Digestibility of NDF was decreased (P = 0.047) by HighC compared with LowC.
The diets had no effect on N losses with urine and feces (Table 4) . Overall, 15 N enrichment of ruminal ammonia N, bacterial N, and MPN were not affected by diet (Table 5 and The ammonia emitting potential of manure (cumulative ammonia N emissions measured in a closed-chamber system) from HighC was greater than that of manure from LowC (P < 0.001; Figure 7 ). The end-point (d 15)
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cumulative ammonia N emission and rate of emission were also lower (P = 0.029 and P < 0.001, respectively) for LowC than for HighC.
DISCUSSION
Our hypothesis in this experiment was that providing abundant energy substrate to the ruminal microorganisms would improve the efficiency of ruminal fermentation and thus enhance the capture of ruminal ammonia into microbial protein. Past research has clearly demonstrated that carbohydrate availability determines the rate of microbial growth in the rumen (Isaacson et al., 1975; Strobel and Russell, 1986 ) and efficiency of ruminal ammonia utilization (Newbold and Rust, 1992; Hristov et al., 1997 ). If energy is limiting, ruminal microorganisms degrade feed proteins to ammonia (Russell et al., 1983) , and microbial ammonia uptake is suppressed (Nocek and Russell, 1988; Hristov et al., 1997 relate ruminal microbial growth to carbohydrate availability (Vérité and Peyraud, 1989; AFRC, 1992; Russell et al., 1992; NRC, 2001) . Some of these systems (AFRC, 1992; NRC, 2001 ) consider the possibility of RDP limiting microbial growth. In a recent meta-analysis of more than 1,700 diets, however, we demonstrated that ruminal protein degradability had no effect on milk protein yield, and NRC (2001) is likely overestimating the RDP requirements of lactating dairy cows (Huhtanen and Hristov, 2009 ). Thus, energy remains the most important dietary factor determining the intensity and efficiency of microbial protein synthesis in the rumen.
Ammonia concentration in the rumen was significantly reduced by HighC in this experiment, which confirms our previous observations that provision of fermentable carbohydrates can reduce ammonia production (by reducing deamination and enhancing microbial capture of released amino acids) or enhance microbial capture of released ammonia in the rumen (Hristov et al., 2005) . Increasing the concentrate:forage ratio from 20:80 to 65:35 in the diet of lactating dairy cows, however, was reported to increase ruminal ammonia concentration and urinary N losses (Moorby et al., 2006) . These ef- Figure 2. Effect of dietary concentrate on ruminal ammonia concentration in dairy cows (means ± SE; n = 120). LowC = low-concentrate (52%, DM basis) diet (control); HighC = high-concentrate (72%, DM basis) diet. Overall treatment effect, P = 0.018; treatment × time interaction, P < 0.001. fects can be easily explained by the linear increase in N intake (from 0.303 to 0.603 g/d) with increasing the concentrate:forage ratio in the Moorby et al. (2006) study compared with the current experiment, in which HighC and LowC diets had similar N concentration. Others did not find an effect on ruminal ammonia concentration with increasing dietary concentrate inclusion (Yang et al., 2001; Rotger et al., 2006; CantalapiedraHijar et al., 2009) . Similar to the current experiment, enhanced propionate concentration in the rumen of cows fed high-grain compared with high-forage diets has typically been reported in the literature (Bauman et al., 1971; Oshio et al., 1987; Sutton et al., 2003) . Sutton et al. (2003) also reported a very close correlation between propionate (and the other major VFA) net production rate and concentration in ruminal fluid. Greater propionate production may trigger an increase in gluconeogenesis and milk production response (Danfaer, 1994) . With a limited number of cows and apparent sampling issues Wieghart et al. (1986) , however, reported no effect of a large increase in concentrate:forage ratio reported linear increases in total VFA and butyrate concentrations and a decrease in acetate with increasing proportion of concentrate in dietary DM, but concentration of propionate was not affected. Methane production in the rumen was not affected by concentrate level in this experiment although forage:concentrate ratio is known to have a major effect on ruminal gas production (Hungate, 1966) . Increasing dietary concentrate has been demonstrated to have a significant effect on enteric methane production on an individual animal or production system scale (Lovett et al., 2003 (Lovett et al., , 2006 and is among the most effective management practices recommended for mitigating greenhouse gas emissions from ruminants (Boadi et al., 2004) . Methane production rate for HighC was consistently lower throughout the sampling period (data not shown), but did not reach statistical significance because of large variability in the data.
In spite of the increased starch intake, microbial protein production in the rumen was not affected by diet in this experiment. The stimulatory effect of concentrate feeds on the ruminal microflora is well documented and, according to Hungate (1966) , is a result of the greater and more rapid digestibility of concentrates versus forages. A high concentration of glucose in the rumen has been shown to decrease fiber-digesting bacteria via the production of inhibitory compounds (Russell, 1993) . Although fibrolytic species may be inhibited by highconcentrate diets, the rest of the ruminal microflora increases in numbers (Oshio et al., 1987) . When the diet is deficient in ruminally fermentable substrate, carbohydrate supplementation enhances microbial protein synthesis and production, irrespective of the type of carbohydrate (Hristov et al., 2005; Broderick et al., 2008) . Urinary PD excretion was increased by increasing the proportion of dietary concentrate in the Moorby et al. (2006) study, suggesting enhanced microbial protein synthesis and outflow from the rumen. Cows in their experiment, however, increased DM and energy intake linearly as dietary concentrate:forage ratio increased, which alone would explain the estimated increase in microbial protein outflow from the rumen. It appears that the LowC diet in the current study did not limit microbial growth and therefore, the rumen ecosystem did not respond to the additional substrate provided with HighC. Negative associative effects of fermentable carbohydrates and fiber degradability in the rumen (Huhtanen, 1987; Firkins, 1997) are the most likely reason for the observed decreased total-tract NDF digestibility. Similar depression of fiber digestibility with high concentrate diets was reported by Moorby et al. (2006) . Ruminal fibrolytic activities were similar among treatments in the current study, but it appears that, due to large circadian and between-animal variability in ruminal enzyme activities (Hristov and Ropp, 2003; Hristov et al., 2005) , this multi-step assay may not reliably represent the true microbial activities in ruminal contents.
The HighC diet reduced ruminal ammonia flux compared with LowC. The significant reduction in ammonia flux and the reduced ruminal ammonia concentration with HighC resulted in enhanced efficiency of utilization of ruminal ammonia N for milk protein synthesis. The improved overall milk N efficiency with this diet, however, did not correspond to a reduction in urinary N losses. In dairy heifers, Zanton and Heinrichs (2009) found no significant differences in dietary N utilization between low (22 to 24% NDF, DM basis) and high forage (40 to 42% NDF) diets. The HighC diet resulted in numerically greater utilization of ruminal ammonia N for microbial protein synthesis, but large variability among animals did not allow these differences to reach statistical significance. In an abstract, Al-Dehneh et al. (1986) also reported greater incorporation of N recycled to the rumen into bacterial protein with a high concentrate (1:2 forage:concentrate ratio) versus a low concentrate (2:1, forage:concentrate ratio) diet. The HighC diet resulted in considerably greater proportion of bacterial N in duodenal digesta N, implying greater microbial protein synthesis in the rumen.
The LowC diet did not limit production in this experiment (according to NRC, 2001 ), but at the same DMI, the HighC diet increased milk yield by 2.8 kg of milk/d. Increased production with increased concentrate feeding has been consistently reported in lactating dairy cows. Moorby et al. (2006) , for example, observed a nearly 8 kg/d increase in milk yield in response to increasing the dietary concentrate:forage ratio from 20:80 to 65:35, but as indicated earlier, this was mostly due to increased DM and energy intake. A similar increase in milk yield with increased dietary concentrate was reported by others (Mayne and Gordon, 1984; Hansen et al., 1991; Rinne et al., 1999; Kuoppala et al., 2004) . Milk fat concentration was significantly decreased by HighC in the current experiment. This effect has been commonly reported for high concentrate diets (Hansen et al., 1991; Yang et al., 2001; Moorby et al., 2006) and is clearly an indication of milk fat depression due to ruminal processes (Van Soest, 1963; Bauman et al., 2008) .
We hypothesized that possible improvement in ruminal ammonia utilization with greater concentrate inclusion in the diet would result in reduced ammonia emissions from manure. The HighC diet, however, had no effect on urinary N output, which is the main source of ammonia N emitted from manure (Bussink and Oenema, 1998) . Thus, the lack of effect on ammonia losses with HighC is not surprising. This diet in fact increased the ammonia emitting potential of manure. Research with dairy heifers has shown a similar lack of effect of high concentrate diets on either N losses (Zanton and Heinrichs, 2009) or ammonia emission off the barn floor (Lascano et al., 2008) .
CONCLUSIONS
In this experiment, increased concentrate proportion in the diet of dairy cows resulted in reduced ruminal ammonia concentration and enhanced ammonia utilization for milk protein synthesis. However, these effects did not reduce urinary N losses and only marginally improved milk N efficiency. The increased energy intake with the high concentrate diet increased milk yield, but decreased fiber digestibility, milk fat percentage, and 4% FCM yield. Increasing dietary concentrate was not a successful strategy for mitigating either enteric methane production or ammonia emission from manure.
